Centrosomes maintain genomic stability by establishing the bipolar spindles during cell division and execute accurate segregation of chromosomes during mitosis. In this study, we have demonstrated that there are three forms of STK-15 gene in breast cancer cell lines. Alternative splice positions are located in 5'-untranslated region of STK15 gene. The results of in vitro translation experiments revealed that the alternative splicing in the 5'-untranslated region of STK15 had no effect on protein translation. The differential expression patterns of these alternatively spliced STK15 in breast cell lines and primary tumors therefore suggest that STK15 gene transcription may be differentially regulated or stabilized in these cells.
Introduction
Clear segregation of chromosomes during mitosis is an important regulatory event in the progression of cell cycle. A bipolar spindle composed of two centrosomes and a dynamic array of mircotubule assemblies and disassemblies carries out the chromosome segregation (Elledge, 1998; Hardwick, 1998) . The functions of centrosome and spindle may be regulated by phosphorylation, since phosphorylation of centrosomal proteins in Drosophila and vertebrates were found to influence microtuble nucleation and dynamics at the centrosomes (Kellogg et al., 1995; Taagepera et al., 1995) . Two related kinases, Ipl1 and aurora, were identified in budding yeast and flies respectively and mutational inactivation of these kinases cause missegregation of chromosome and disturbance of centrosome separation (Francisco et al., 1994; Glover et al., 1995) .
STK15 (also known as BTAK and aurora 2) encodes a centrosome associated kinase and was identified in chromosome 20q13, a region amplified in a number of human breast cancer cell lines (Sen et al., 1997; Bischoff et al., 1998) . Expression of the STK15 protein and its kinase activity are regulated during cell cycle and both are at a highest levels during the G 2 /M phase (Kimura et al., 1997; Yanai et al., 1997; Bischoff et al., 1998; Kimura et al., 1999) . Recently, Zhou et al. (1998) reported that overexpression of STK15 induced centrosome amplification, chromosomal instability, transformation in mouse NIH 3T3 cells. Deregulation of the centrosomes was implicated in chromosomal abnormalities (Fukasawa et al., 1996) . Therefore, the abnormal numbers of centrosomes were observed in a variety of human cancers (Lingle et al., 1998) .
In this study, we have found the alternative splicing in the 5'-untranslated region of STK15 gene in breast cancer cell lines. The alternative splicing of transcripts in the 5'-untranslated region does not affect protein translation. Interestingly, STK15 transcripts exhibit differential alternative splicing patterns in breast cancer cell lines and primary tumors. These results suggest that the expression levels of STK15 transcripts may be differentially regulated or stabilized in cell lines and primary tumors.
Materials and Methods

Cell culture and patient samples
The human cell lines, MDA231, MDA468, MDA361, MDA436 and MCF7 were obtained from the ATCC (Rockville, MD). The culture medium used throughout these experiments was Dulbecco's modified Eagle's medium containing 10% FCS and 100 µg/ml gentamicin. For the study, informed consents were obtained from those patients with confirmed diagnoses of breast tumor at the Johns Hopkins Bayview Hospital.
Reverse transcription-PCR (RT-PCR)
Total RNA was extracted from breast cancer cell lines and primary tumor samples using the Ambion Totally RNA kit (Ambion Inc., Austin, TX) according to the manufacturer's specifications. Two micrograms of total RNA was reverse-transcribed (RT-Superscript, Gibco BRL, Gaithersburg, MD) with random hexamers to generate cDNA. Two microliters of each cDNA mixture was amplified using 1 unit Taq 
DNA sequence analysis
Amplified cDNA fragments were isolated from gel slices using a Qiagen gel extraction kit and subcloned into the TOPO vector. Sequencing was performed by the dideoxynucleotide chain termination procedure using a double stranded plasmid DNA with a Sequenase kit version 2.0 (Gibco BRL, Gaithersburg, MD).
In vitro translation
In vitro translation products of alternatively spliced STK15 were generated with a TNT-coupled reticulocyte lysate system (Promega, Madison, WI) in the presence of 40 µCi [ 35 S]methionine (1000 Ci/mmol; Amersham, Arlington Heights, IL) following the manufacturers instructions. In vitro translated proteins were separated in a 10% SDSpolyacrylamide gel. The gel was fixed in 50% methanol/ 10% acetic acid, incubated in 1 M sodium salicylate (pH 6.0) for 30 min, and exposed to an X-ray film.
RT-PCR and Southern blot analysis
RT-PCT products were separated in a 1.5% agarose gel and transferred to a GeneScreen Plus membranes (Biotechnology Systems, Boston, MA). The membrane was incubated in Church buffer at 62 o C with [α-32 P]dCTPlabeled full size of STK15 cDNA. The probe was labeled using the random primer method. 
Results and Discussion
Alternative splicing of STK15 in breast cancer cell lines
Recently, STK15 was found to encode a cell cycle regulating serine/threonine kinases that appears to be amplified and overexpressed in human breast cancers and colorectal cancers (Sen et al., 1997; Bischoff et al., 1998) . Zhou et al. (1998) reported that overexpression of STK15 induced centrosome amplification and transformation in mouse NIH 3T3 cells. To determine whether chromosomal instability was linked to STK15 expression levels in breast cancer cells, we first cloned STK15 cDNA by RT-PCR using specific primers. These primers correspond to regions outside the STK15 coding region. RT-PCR using RNA of MDA231 human breast cancer cells yielded three distinct cDNA transcripts consisting of 1295, 1305 and 1503 bp. To further characterize the three MDA231 STK15 transcripts, the three RT-PCR products were subcloned into the TOPO vector and sequenced. Sequence analysis revealed that the shortest cDNA (referred to as STK15S) was identical to the STK15 mRNA (Genbank AF011468) reported in the literature (Zhou et al., 1998) . The middle sized STK15 transcript (referred to as STK15M) and the largest STK15 (referred as STK15L) had a 110 bp and 208 bp insertion in 5'-untranslated region, respectively. These data suggest that the STK 15 gene was alternatively spliced in the 5'-untranslated region in the MDA 231 breast cancer cells.
Alternatively spliced transcripts do not effect on protein translation
Interestingly, the sequence differences among the three distinct STK15 transcripts were in the 5'-untranslated region which is the region critical for transcriptional and translation control. The alternative transcripts of STK15M and STK15L contain one or two additional translation start codons (ATG), respectively, in the 5'-untranslated region. To determine whether the 110 bp and 208 bp insertions in 5'-untranslated region had an effect on STK15 protein translation, each transcript subclone was transcribed and translated in vitro using the TNT-coupled reticulocyte system. The in vitro translated [
35 S] methionine-labeled STK15 proteins were then analyzed by SDS-PAGE. As shown in Figure 2 , alternatively spliced STK15 transcripts yielded the same sized protein and showed no difference in translational efficiency. These results suggest that the differences in the STK15 transcripts do not affect the protein code, although the transcripts maybe are generated by differential promoter usage and thus possibly differentially expressed in human tissues or cell type.
Alternatively spliced transcript patterns in breast cancer cell lines and primary tumors
In order to get an overview of the pattern of expression of the STK15 mRNA transcript, we analyzed different breast cancer cell lines, primary tumors and normal cells using RT-PCR. Single stranded cDNAs were synthesized from total RNA from various breast cancer cell lines, primary tumors and normal cells. The RT-PCR experiment used an upstream primer corresponding to position 215-237 of the STK15 cDNA sequence and a downstream primer corresponding to position 448-470 of the cDNA sequence. Results showed differential expression of STK15 alternatively spliced transcripts among the tested samples. To confirm the specificity of the PCR products, the PCR products were separated in an agarose gel and transferred by Southern blot to a membrane that was then hybridized with the cDNA probes. As shown in Figure 3 , breast cancer cell lines had at least three alternatively spliced transcripts, while primary tumors contained two transcript forms. Interestingly, these results suggested that the STK15 gene exhibits alternative splicing patterns in cell lines and primary tumors that are distinctive.
In conclusion, our data indicate the existence of at least three STK15 transcript forms. Their expression level may be differentially regulated or stabilized in different cell lines and primary tumors. Alternatively spliced STK15-L, STK15-M and STK15-S were in vitro translated using the TNT-coupled reticulocyte system. The translation products were separated in a 10% SDS-polyacrylamide gel. The gel was fixed and exposed to X-ray film for 1 day. 
